INTRODUCTION
High Altitude Platform Stations (HAPS) is a concept that has been a proposed solution for telecommunications and other services for several years (Butler, 1998) . One of the most promising platforms has been a lighter-than-air vehicle (LTAV), which has been attracting renewed interest as a low-cost means to provide telecommunications from the stratosphere. Interest in the LTAV has increased in recent years, and aerostats are once again being eyed as an economic way to provide telecommunications infrastructure and services over wide areas.
This paper reviews the current progress towards a viable HAPS, including transitional tethered aerostats, and their potential application to Australia, especially for rural and remote areas. Business planning and regulatory issues are also briefly discussed, as well as some of the remaining technical challenges for HAPS.
BACKGROUND
The potential of HAPS to provide wide area near line-of-sight fixed wireless services has been recognised for some time. Most research has concentrated on airships or aeroplanes operating in a quasi-stationary position at altitudes in the stratosphere around 20-30 kilometres. HAPS platforms at these altitudes are safely away from problems with commercial air-traffic heights and can find an optimum height where the winds and turbulence are lowest. This paper concentrates on the airship HAPS providing fixed wireless communication services.
Airships proposed for HAPS use very large helium-filled containers, typically over 100 metres in length and over 20 metres in diameter, to provide sufficient buoyancy in the less dense air at stratospheric altitude. The prime power for the communications payload and for station-keeping is provided by lightweight solar cells covering the upper surfaces of the airship, with power stored in regenerative fuel cells and/or batteries. Electric motor driven propellers are used for stationkeeping (Tozer & Grace, 2001) .
Tethered transitional telecommunications system (TTS) HAPS have also been designed as an immediate and cost-effective transitional arrangement to stratospheric HAPS. A typical tethered aerostat-based HAPS operates at an altitude of 1.5 kilometres and is illustrated in Figure 1 . The potential benefits of HAPS technology, compared to the use of conventional terrestrial or satellite networks, for providing wireless communication services are:
• line-of-sight propagation paths to most fixed users • a single HAPS platform can replace a large number of terrestrial towers, with savings in cost, site acquisition delay, and environmental impact
• the platform can carry additional payloads for surveillance and monitoring applications
The network architecture for a Stratospheric Telecommunications System (STS) HAPS providing wireless communication services, including telephony, broadband data and video, is illustrated in Figure 2 .
From Figure 2 it can be seen that the Connectivity Service and Operational Support Centre (CSOSC) is the interface between the STS/TTS payload (via the Gateway Link) and the remote customers. The CSOSC interconnects to the PSTN via a backhaul link, to the Internet via fibre or satellite, and can receive radio and TV programmes either off-air or via satellite for streaming to the customers. WiMAX can be used to provide a wireless broadband Internet service from the STS/TTS payload to the customer premises. This WiMAX connection can provide a VoIP telephony service, high speed Internet, and also streamed TV and radio services.
RECENT HAPS DEVELOPMENTS AND TRIALS
There have been several recent developments in the LTA HAPS arena. The continued use of aerostats as a platform for surveillance on many international borders has demonstrated them to be a reliable, proven technology. A number of trials of small-scale airship HAPS have been conducted by companies in Japan, USA, and Switzerland (Stratocomm http://www.stratocomm.net/about.php), (Stratxx http://www.stratxx.com).
Several programmes are now focusing on HAPS providing fixed wireless broadband communications using IEEE 802.16 (WiMAX) services (Thornton, White & Tozer, 2007) . However, it is expected that it will be some time before full size commercial HAPS systems are deployed.
In the interim, StratoComm (http://www.stratocomm.net/about.php), formed in 1992 as a telecommunications infrastructure development company, has designed a TTS tethered system as a means to immediately enhance telecommunications capacity in under-served areas, that will provide for a seamless transition from the aerostat-based systems to its stratospheric systems once commercially available.
The StratoComm TTS is a lighter-than-air aerostat system positioned at an altitude of approximately 1,500 metres over the region to which it is providing telecommunications services. The aerostat is connected via a high-strength steel and Kevlar tether to the ground, thereby maintaining its position and ability to support subscriber services, as well as providing access to power, operational control and data service via fibre optic cable and electrical conductors embedded within the tether.
The transitional aerostat is approximately 37 metres in length and 12 metres at its widest point. It meets all US Federal Aviation Administration (FAA) requirements, including the presence of an emergency flight termination system and proper lighting. The aerostat carries an internally designed telecommunications payload weighing approximately 225 kg, which is capable of supporting subscribers with broadband Internet, wireless voice, broadcast video, or various combin-ations of all three services. Each TTS supports a coverage area of 80 kilometres in diameter. The TTS is illustrated in Figure 3 .
For stratospheric deployment, StratoComm has conceptualised a fleet of lighter-than-air vehicles that can provide telecommunications, security, surveillance and an array of other services to large metropolitan and surrounding areas throughout the world. Each airship, known as a Stratospheric Telecommunications System (STS) will be capable of fixed station keeping flight at an altitude of 20 kilometres. The STS is equipped with autonomous navigation, radio controlled command and telecommunications payload stabilisation systems.
Figure 3 Tethered transitional aerostat system
The airship itself leverages lighter-than-air (LTA) technology, being made of high-strength, light-weight materials; and is accompanied by advanced propulsion systems that maintain proper positioning. The stratospheric airship is launched using a specified volume of helium separated from the air to maintain its shape. As the STS rises the helium expands and at the proper altitude displaces all of the air within the STS. Once it is in the stratosphere the STS is remotely controlled and moved into position. A combination of solar cells, batteries and fuel cells will power the STS during its five-year planned deployment. The STS also incorporates telemetry to remotely transmit data and redundant systems to serve as back-up measures; features that are designed to provide the STS with a high level of availability, reliability and safety.
The STS is being designed to hold approximately 1,000 kilograms of communications payload capable of supplying focused mobile, broadband, narrowband and wireless backbone telecommunications services to approximately 3 million subscribers. The configurations can be dynamically changed in milliseconds to reallocate capacity as needed, such as to highly trafficked commuter routes during peak travel times, to business districts on weekdays, or to stadiums during events. The STS is illustrated in Figure 4 .
The transition from TTS to STS is illustrated in Figure 5 , indicating the large increase in service coverage area and number of subscribers that can be supported. A number of potential Australian HAPS systems have been advance notified by SSA to the ITU-R through the Australian administration.
Within Australia, there are multiple market opportunities that can be serviced by TTS/HAPS solutions, and SSA and StratoComm are working together to investigate these opportunities for applications including:
• Telecommunications (mobile, voice, data, video) • Emergency services/Disaster Relief communications • Surveillance • Coastal and climate monitoring Of these potential uses, the telecommunications services may have the largest impact. The ability to cost-effectively deliver services to underserved rural and remote areas within Australia makes HAPS an ideal solution.
As the Australian government is seeking solutions to provide broadband services to the two per cent of homes and businesses which may not be covered by the National Broadband Network initiative (Department of Broadband, Communications and the Digital Economy, 2008), the TTS approach is worth considering. As an example, the coverage area for a TTS providing wireless broadband services to the remote Queensland town of Mt Isa is illustrated in Figure 6 .
BUSINESS ISSUES
TTS are finding application providing wireless broadband services such as WiMAX in developing countries, and rural and remote areas, where telecommunications infrastructure either does not exist or where its capacity is limited. The TTS is usually supplied as a turn-key installation, and can be deployed relatively rapidly compared to the alternative of establishing a network of terrestrial Base Stations.
For application to rural and remote parts of Australia, the main business consideration is the development of a Business Case that can demonstrate the generation of sufficient revenue from residential and business wireless broadband services including VoIP, broadband Internet and streaming video services to obtain a suitable return on the investment in the TTS platform, and the cost of access to the wireless spectrum.
Deployment of conventional terrestrial-based infrastructure in remote and rural areas is excessively costly. With most telecommunications technologies, the capital costs of establishing infrastructure are difficult to support within a business model without a large subscriber base. The TTS/HAPS solutions offer a significantly lower establishment cost, due in part to the use of wireless solutions for the "last mile" connections. The TTS solution can be deployed, and be financially viable and self-sustaining in communities such as Mount Isa, Queensland with its 20,000 inhabitants and surrounding area. The transition from StratoComm's TTS to HAPS solution and its 400 km coverage area will support profitable and reliable operations. 
REGULATORY ISSUES
The main regulatory issues for HAPS are the availability of adequate RF spectrum in usable frequencies for the payload, CPE and gateway links.
Considerable progress has been made in international regulatory arrangements for HAPS during ITU-R studies leading up to WRC-07. This has included the development of a number of Recommendations concerning the use of HAPS for providing IMT services, for feeder links, and for sharing with other services. Also, for the current studies towards WRC-11 one item is the identification of spectrum for HAPS Gateway Links in the 5850 -7050 MHz band.
CHALLENGES
The main technical challenges for the successful development of stratospheric HAPS are considered to be:
• Diurnal Thermal Management 
CONCLUSION
HAPS has shown its viability for several applications including telecommunications. Platforms from several manufacturers are in the detailed development stage and will soon become available commercially. Tethered Transitional Telecommunications Systems offer an immediate transitional cost-effective solution to stratospheric HAPS, and are finding application in developing countries, and have potential application for providing broadband wireless services for rural and remote parts of Australia. SSA and StratoComm are working together to investigate the potential of TTS/HAPS to provide broadband wireless services to the homes and businesses which may not be covered by the National Broadband Network initiative.
HAPS can also be used for other applications in Australia including coastal monitoring, surveillance, climate monitoring, and emergency communication services.
